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ABSTRACT

Urban Bobcat (Lynx rufus) Ecology in the Dallas-Fort Worth, Texas Metroplex

by

Julie M. Golla, Master of Science
Utah State University, 2017

Major Professor: Julie K. Young
Department: Wildland Resources

Wildlife and people increasingly overlap in their use of space and resources as
cities rapidly expand, often increasing rates of human-wildlife conflict. Urban carnivores
are of special concern because of their potential effects on human health, well-being, and
livelihoods. Bobcats (Lynx rufus) are a top predator in several urban areas across the
United States and a potential contributor to human-carnivore conflicts. This study
evaluated the movements and habitat utilization of bobcats in a highly urbanized area of
the Dallas-Fort Worth (DFW), Texas metroplex. Spatial data were collected from 10
bobcats via Global Positioning Satellite (GPS) for approximately one year. Average
home range size using kernel density estimators was 4.60 km2 (n=9, SE=0.99 km2) for all
resident bobcats, 3.48 km2 (n=5, SE=1.13 km2) for resident females, and 6.00 km2 (n=4,
SE=1.61 km2) for resident males. Resource selection function (RSF) models showed
bobcats vary their selection of habitats such as creeks, grass, and low-medium
development in a non-linear way. Bobcats avoided areas close to and far from grasslands
and low-medium development but selected for these areas at intermediate distances.
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Bobcats also selected areas closer to developed open space, agricultural areas, and
railroads. In addition, camera trap data analyzed with maximum likelihood spatially
explicit capture-recapture (SECR) models informed by the RSF results estimated a
population density of 0.64 bobcats/km2 (SE = 0.22). Bobcats in DFW have significantly
smaller home ranges and occur at higher densities compared to rural bobcat populations.
Home ranges were also slightly smaller and densities higher than the most closely similar
peri-urban bobcat studies. These differences likely arise due to the abundant urban prey
species the DFW landscape provides despite limited space and habitat for bobcats. The
dense urban development surrounding this population of bobcats may also discourage
dispersing from the area, contributing to higher densities. These results provide
information to facilitate management of urban bobcats by providing new insight into how
bobcats live amidst people in an anthropogenic-driven ecosystem.
(67 pages)
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PUBLIC ABSTRACT

Urban Bobcat (Lynx rufus) Ecology in the Dallas-Fort Worth, Texas Metroplex
Julie M. Golla

Urban landscapes are quickly replacing native habitat around the world. As
wildlife and people increasingly overlap in their shared space and resources, so does the
potential for human-wildlife conflict, especially with predators. Bobcats (Lynx rufus) are
a top predator in several urban areas across the United States and a potential contributor
to human-carnivore conflicts. This study evaluated the movements and habitat use of
bobcats in the Dallas-Fort Worth (DFW), Texas metroplex. Spatial data were collected
from 10 bobcats via Global Positioning Satellite (GPS) for approximately one year.
Average home range size was 4.60 km2 (n=9, SE=0.99 km2) for all resident bobcats, 3.48
km2 (n=5, SE=1.13 km2) for resident females, and 6.00 km2 (n=4, SE=1.61 km2) for
resident males. Resource selection function (RSF) models show that bobcats avoid areas
close to and far from grasslands and low-medium development, while selecting for these
areas at intermediate distances. Bobcats also selected areas closer to developed open
space, agricultural areas, and railroads. In addition, camera trap data analyzed with
spatially explicit capture-recapture (SECR) models informed by the RSF results
estimated a population density of 0.64 bobcats/km2 (SE = 0.22). Bobcats in DFW have
significantly smaller home ranges and occur at higher densities compared to rural bobcat
populations. Home ranges were also slightly smaller and densities higher than the most
closely similar peri-urban bobcat studies. These differences likely arise due to the
abundant urban prey species the DFW landscape provides despite limited space and
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habitat for bobcats. The dense urban development surrounding this population of bobcats
may also discourage dispersing from the area, and contributing to higher densities. These
results provide information to facilitate management of urban bobcats by providing new
insight into how bobcats live amidst people in urban areas.
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INTRODUCTION

Sixty percent of the 8.5 billion people on earth will reside in urban areas by 2030
(United Nations 2015). Widespread urbanization directly affects native wildlife species
as encroaching development removes native habitat, introduces invasive species, and
brings people and wildlife into direct competition for space and resources (Adams 2005,
Magle et al. 2012). Carnivores are particularly susceptible to challenges brought on by
rapidly changing urban landscapes, often resulting in increased human-carnivore conflict
and negative effects on human health, well-being, and livelihoods (Woodroffe 2000,
Treves and Karanth 2003, Gehrt et al. 2010, Athreya et al. 2013). As top predators utilize
anthropogenic landscapes, unique challenges in management and conservation develop
(Batemen and Fleming 2012). There is a need to understand how carnivores persist
among people in urban ecosystems to facilitate coexistence and manage the landscape to
the benefit of both (Athreya et al. 2013).
The emergence of carnivores in urban areas has led to surprising animal behavior,
some perceived as optimistic for species survival, others foreboding for both wildlife and
human well-being (Woodroffe 2000). In an era where species conservation and recovery
is applauded, the social and functional carrying capacity for large carnivores is being
tested at the urban interface where conflict potential with livestock, pets, and people is
increasing (Woodroffe 2000). There is a need for improved understanding and adaptive
wildlife management and conservation amidst city landscapes.
Some of the most densely human populated places in the world are also home to
thriving populations of carnivores. In India, there are established populations of leopards
(Panthera pardus) and striped hyena (Hyanena hyaena) amidst densely populated rural
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and urban areas (Singh et al. 2010, Athreya et al. 2013, Bhatia et al. 2013). Spotted
hyenas benefit from increased human activity and presence (Boydston et al. 2003), and
peri-urban spotted hyenas (Crocuta crocuta) live entirely on domestic prey species and
scavenge anthropogenic scraps in Ethiopia (Abay et al. 2011). Mountain lions (Puma
concolor) in the western United States persist in patches of highly fragmented urban
landscapes (Gehrt et al. 2010, Kertson et al. 2011, Knopff et al. 2014). Coyotes (Canis
latrans) are well documented in urban habitats across North America and are considered
one of the most urban-adaptable carnivore species (Quinn 1997, Farrar 2007, Gehrt et al.
2009, Grubbs and Krausman 2009, Gehrt et al. 2010, Gese et al. 2012). Bobcats (Lynx
rufus) have also been shown to persist in suburban and fragmented developed areas
(Tigas et al. 2002, Gehrt et al. 2010, Ordenana et al. 2010, Riley 2003, Alonso et al.
2012, Ruell et al. 2012), though few urban areas support this disturbance-sensitive
species (Crooks 2002).
Most carnivore species that are successful in urban environments are actually
omnivorous generalists, a life history that allows them to persist on a wide variety of food
sources and habitat, including abundant anthropogenic resources in urban areas (Riley
2003, Baker and Harris 2007). In North America, for instance, coyotes, black bears
(Ursus americanus), raccoons (Procyon lotor), striped skunks (Mephitis mephitis),
Virginia opossums (Didelphis virginiana), and red fox (Vulpes vulpes) are commonly
found in urban areas. Excluding black bears and coyotes, these species have relatively
smaller body size and smaller resource and space requirements compared to other
carnivores (Baker and Harris 2007). Black bears are omnivorous and capable of finding a
near constant food supply by scavenging garbage with little foraging effort to support
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their larger body size in urban areas (Carlos et al 2009). Coyotes are also omnivorous,
and typically prey on natural food sources such as small mammals and fruit in developed
areas, but use twice as much space as neighboring coyotes in undeveloped areas (Morey
et al. 2007, Gese et al. 2012). Obligate carnivores that require live prey are less common
in urban settings because they have less plasticity in adapting to novel environments
where garbage or other sedentary food sources are more abundant (Riley 2003, Baker and
Harris 2007). Foraging for live prey requires more space and resources, both of which are
heavily competed for in fragmented habitat of urban areas.
Bobcats (Lynx rufus) are obligate carnivores and rely on a diet of live prey such as
small mammals and birds (Hansen 2006, Gehrt et al. 2010). They are historically known
to be elusive and sensitive to human disturbances and are not commonly found in areas
densely populated by humans (Crooks 2002). However, some bobcat populations exist in
a peri-urban setting within close proximity to or overlap with areas of high human
densities (Riley 2003, Alonso et al. 2012). A population of bobcats resides in the DallasFort Worth, Texas metroplex (DFW). This population appears to differ from other urban
bobcat populations in that it exists within the metroplex, not just on the expanding edges
or suburbs. Little is known about this population, despite regular sightings and reports
from residents, animal control officers, and wildlife biologists. This study seeks to learn
more about bobcat ecology in the context of an established isolated urban population to
inform local wildlife managers in managing and conserving carnivores on the urban
landscape. The objective is to determine population densities and habitat selection of
urban bobcats in the DFW metroplex and to what extent they utilize developed habitat.
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METHODS
Study Site
DFW is the fourth largest, third fastest growing, and 19th densest populated
metropolis in the United States (2014 census). It covers more than 24,000 km2 of rolling
hills and large flood plains that require extensive networks of storm drainages and creeks
to divert flood water into the Trinity River. The metroplex lies within the cross timbers
area of Texas, formerly covered in habitat types such as oak trees (Quercus sp.) and
backland prairie (Gould 1975), and is now a mosaic of urban structures which includes
retail stores, residential areas, city parks, golf courses, and patches of undevelopable
wetland, connected by a network of roads, highways, and interstates (Fig. 1).
The study area is in the center of DFW, bordered by state highway TX-183 to the
north, state highway TX- 360 to the east, the west fork of the Trinity River to the south,
and Interstate 820 to the west (Fig. 2). This area covers approximately 78.1 km2 and
includes parts of Fort Worth, Arlington, Hurst, Bedford, Euless, and Grand Prairie
municipalities. The site was selected based on its high frequency of bobcat sightings and
complete immersion within dense urban development. The area includes varying levels of
urbanization ranging from patches of natural habitat (i.e., Trinity River corridor),
developed open space, residential areas, and industrial or retail zones.

Data Collection
Captures
Bobcats were captured and handled in accordance with the National Wildlife
Research Center’s Institutional Animal Care and Use Committee (IACUC) regulations
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(QA-2211). Live cage traps were used to capture bobcats that were immobilized with a
weight appropriate dose of 5:1 ketamine (10 mg/kg) - xylazine (0.75 mg/kg) mixture
sedative (Beltrán and Tewes 1995). Body measurements, blood, hair, parasites, and
pelage photos (Heilbrun et al. 2006) were collected for physiological data on each
captured bobcat. A tooth sample was collected from adult bobcats (n=9) for aging (Crow
1972). Bobcats weighing over 5 kg (n=12) were fitted with Lotek 3300s store-on-board
GPS tracking collars equipped with drop-off mechanisms. Initial trapping occurred from
January - April 2014, with targeted recapture attempts occurring September - December
2014 and March 2015 for bobcats with GPS collars that did not drop off as expected.
Trap sites were typically placed along natural corridors with probable bobcat traffic but
limited human traffic (Fig. 2).

GPS Collars
Collars were programmed to record a GPS location every two hours from 18:00 to
06:00 (nocturnal activity) and every four hours from 06:00 to 18:00 (diurnal activity)
with some variability in time. These settings were chosen in order to maximize data
collection in consideration of known bobcat activity (Crooks 2002, Gehrt et al. 2010,
Hansen 2006) and the expectations of collar battery life. In addition to this daily data
collection, collars were programmed to record locations at 20-minute intervals for a sixhour time period on the 15th of each month. For each collar, this would occur across one
of four randomly chosen six-hour time periods. The drop-off mechanisms were
programmed at 56 weeks after collar deployment allowing for just over one year of data
collection. Location data within the initial 24 hours of data collected after an animal was
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collared were removed to allow for a full recovery time from immobilization drugs
administered during captures. Failed fixes and locations with a dilution of precision
(DOP) value of >8 were removed. For spatial analysis, point files were then created in
ArcGIS (ESRI 2011) under the projected coordinate system of NAD 83 zone 14 North.

Cameras
A camera grid comprised of 41 double-camera stations documented individual
bobcats throughout the study site (Fig. 3). Camera station locations were assigned using
ArcGIS 10.2.0 (ESRI 2011). Spacing of the stations was roughly based on the minimum
expected home range observed with preliminary tracking of DFW collared bobcats (1.5
km2) and the minimum home range size of urban bobcats in previous studies (1.3 km2)
(Riley 2003, Alonso et al. 2012). For each station, a 300-m buffer was used to ensure
effective camera placement for detecting resident bobcats while avoiding theft or being
vandalized by people. This buffer is higher than the 200-m buffer that other camera
studies have used to detect bobcats (Alonso et al. 2012) to allow feasible camera
placement for as many stations as possible amidst a more variable and risky urbanized
landscape. Spacing between cameras averaged 1.05 km between each station A few
portions of the study site were not included in the camera grid due to limitations of access
and equipment.
For each station, two cameras were simultaneously placed on opposing sides of a
road or trail 2-5 m from the trail’s center and aimed 30-45 cm above the trail (Heilbrun et
al. 2006, Alonso et al. 2012). No lure was used with camera sets in order to avoid any
bias in detection (Heilbrun et al. 2006). Bushnell HD Trophy Camera model 119576,
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Moultrie A-8 model MCG-12646, and one Reconyx PC900 HyperFire camera were used
across the grid. The Bushnell and Reconyx cameras were programmed to take bursts of
three photographs per trigger at their shortest trigger delay setting (≤ 1 second) to
improve likelihood of photographing unique markings on passing bobcats. The Moultrie
cameras could only take one photograph per capture with a one-minute trigger delay.
Moultrie cameras were only used when paired with either a Bushnell or Reconyx (n = 37
stations) to limit detection bias based on camera type. Remaining stations (n = 4) had two
Bushnell cameras. Stations were active for six to seven consecutive weeks across a single
trapping period from 8 June - 15 November 2014 (Table 1).
All photographs from the camera grid were sorted into folders by station and then
manually viewed and sorted into subfolders by species. Bobcat photos were then
compared across stations to document total number of individual bobcats captured and
recaptured across the survey grid. The Photo Warehouse database software, developed at
the Colorado Department of Wildlife (Newkirk 2014), was used to organize and assign
IDs to individual bobcats, both collared and uncollared. A 20-minute time interval was
used to determine independent photograph capture events. For an ID to be applied, three
physically unique features were used to match or differentiate individuals across
photograph capture events (Heilbrun et al. 2006). Photographs of bobcats that could not
be identified were labeled as unknowns.

Data Analyses

Home Ranges
Individual bobcat home ranges were calculated with 95% kernel density
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estimators (KDE) for use in the resource selection analysis and comparison to other urban
bobcat studies (Manly et al. 2002). To account for the hard boundaries and patchy nature
of the urban landscape, 99% local convex hulls (LoCoH) were also calculated (Getz and
Wilmers 2004, Lichti et al. 2011). For KDEs, Geospatial Modeling Environment (GME)
software’s (Beyer 2012) Kernel Density Estimation tool was used to generate raster
datasets from cleaned GPS locations for each bobcat. Within the tool, the plug-in
bandwidth estimator with a cell size of 42.7 was used with a Gaussian kernel type
processed in a set extent of 3637168 top, 662151 left, 3626484 bottom, and 683263 right.
These rasters were then brought into the isopleth tool of GME with quantiles set to 0.95,
creating the 95% KDE home ranges.
Local convex hulls were calculated using the rhr package in R (version 3.2.4,
www.R-project.org, Signer and Balkenhol 2015). Individual bobcat GPS data were each
imported under the projected coordinate system of NAD 83 zone 14 North. Within the
configure > home range tab, the Local Convex Polygon tool was used to produce type
“a”, “k”, and “h” LoCoH polygons, considering both 0.99 and 0.95 quantiles in each. In
evaluating outputs, the 0.99 type a local convex hull was most appropriate in representing
bobcat home ranges amidst the patches and barriers of the DFW landscape.

Resource Selection Function Models
ArcGIS 10.2.0 (ESRI 2011) was used for spatial data preparation of bobcat GPS
locations and spatial habitat data. All data were converted to the same coordinate system
as the bobcat GPS data. The most current, freely accessible landscape data from Texas
Natural Resources Information System (TNRIS) for Tarrant County, Texas were used for
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habitat analysis. Landscape layers include the 2012 creeks layer for Texas, 2014 railroads
layer for Texas, and 2011 roads layer for Texas all in vector format (TNRIS 2016). The
2011 National Land Cover Dataset (NLCD) was used to classify habitat types (Homer et
al. 2015, Xian et al 2011).
Fourteen NLCD classes were present in the DFW study site, which were
condensed into eight categories: (1) forest, included three forest types; (2) wetland,
included two wetland types; (3) agriculture, included crops and pastures; (4) grassland,
included grassland/herbaceous; and (5-8) four developed categories, represented by the
amount of impervious surface in NLCD. Open space included developed open space
(<20% impervious surface) and barren, while low development (20-49% impervious
surface), medium development (50-79% impervious surface), and high development
(>80% impervious surface) were not changed. One habitat category, open water, was not
included in analysis because it was more accurately represented by the 2012 creeks data.
These categorical habitat data and the vector data were rasterized by Euclidean distance
measures using the ArcGIS Euclidean Distance tool (ESRI 2011). All rasterized habitat
variables were standardized.
A systematic approach was used to represent availability across the individual
home range KDE isopleths. Available points were generated in R using the ‘sp’
package’s spsample command using a 30 m cell size and nonaligned systematic sampling
(Bivand et al. 2013, Pebesma and Bivand 2005). Generated available points were then
combined with the bobcat GPS locations, or used points, to compile one complete dataset
(Manly et. al 2002). Distance to features such as land cover type, roads, and creeks were
then extracted from rasterized habitat data to all points using the ArcGIS Extract Value to
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Point tool (ESRI 2011).
Collinearity and variance of inflation (VIF) for all variables were checked in R
using the ‘usdm’ package and variables with greater than 0.7 collinearity and 4.0 VIF
were lumped together or removed (Naimi 2015). Leniency for inclusion was used for
variables with VIF< 4.0 despite having collinearity > 0.7 if it was deemed ecologically
sensible to do so. General linear mixed effects models in the ‘lme4’ package (Bates et. al
2015) in R were used to determine how bobcat habitat usage is affected by the predictive
landscape variables, with Bobcat ID as a random effect. Using a multi-model inference
package called ‘MuMIn’ (Burnham and Anderson 2002), all possible general linear
mixed effects models were run with the dredge command. Top models (< 3 delta AICc)
were reviewed and evidence of irregular covariate variability between models was further
investigated by incorporating second order polynomials and possible interactions. A stepwise selection process was employed to determine which variables of the top models
were compromised. Once non-linearity and confoundedness problems were addressed,
top models were selected again by having delta AICc values of < 3.0 from the top model.
From the top model, a bobcat habitat selection probability map was generated
using the distance to habitat rasters and corresponding covariate coefficients plugged into
the logistic equation in Raster Calculator in ArcGIS 10.2 (ESRI 2011). Prior to raster
calculation, Euclidean distance to habitat rasters were truncated to their minimum and
maximum distance measurements found in the RSF analysis. The resulting heat map
visually represents probability of bobcat resource selection throughout and surrounding
the DFW study site. Values from this RSF raster were extracted to the habitat mask and
trap locations for inclusion in the SECR analysis to better inform models for bobcat

11
population density estimates in DFW (Efford 2011).
In addition to the population based RSF, these steps were repeated for each
bobcats’ dataset to determine individual resource selection. Individual RSF heat map
rasters were then averaged using Raster Calculator in ArcGIS 10.2 (ESRI 2011) to create
a second population heat map (Appendix 2).

Spatially Explicit Capture-Recapture (SECR)
Camera data were analyzed with the statistical program R (version 3.2.4, www.Rproject.org; R Core Team 2013). A spatially explicit capture-recapture (SECR) package
was used to run maximum likelihood models for bobcat population estimates (Efford
2011). To include multiple captures of individuals over a single occasion, a capture
history was developed using a “count” detector type with a capture file of 265 capture
events across 23 occasions and 41 stations. The RSF heat map was used to assign each
station a habitat selection probability to inform detection probabilities.
Active dates for camera traps were binned into “weeks” for occasion ID in the
SECR capture history. In order to maximize capture inclusion, a camera was considered
active in a week as long as it was active for one night. Each bobcat capture event was
assigned an occasion along with the station of detection.
Following methods detailed by Bashir et al. (2013), a habitat buffer for the
camera grid was developed by creating a minimum convex polygon of the camera grid
and then adding a buffer of ½ mean maximum distance moved (MMDM) as calculated in
SECR from the capture history object (Karanth and Nichols 1998, Bashir et al. 2013)
(Fig. 3). The Trinity River was established as the hard southern boundary of the effective
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area surveyed, as resident collared bobcats were not observed crossing this natural
obstacle. Using the buffer, a habitat mask was created by systematically sampling points
every 106.82 m, as generated by SECR’s default mask settings for the DFW camera
dataset. The RSF heat map was used to assign each point of the habitat mask a bobcat
relative selection probability. The NLCD habitat categories were used to assign cover
type to each mask point. Points designated “water” from NLCD were removed from the
mask (Homer et al. 2015, Xian et al 2011).
For the SECR model, density (D) was predicted by the RSF values from the mask,
while lambda0 (λ) and sigma (σ) varied by occasion. A hazard halfnormal detection
function was selected in use with the “count” detector type as described in the SECR
package (Efford 2011).
Hazard halfnormal equation:
λ(d) = λ0 exp ( −d2 / 2σ2 ) ; g(d) = 1 − exp(−λ(d))
−𝑑𝑑2
λ(𝑑𝑑) = λ0 𝑒𝑒𝑒𝑒𝑒𝑒 � 2 � ; 𝑔𝑔(𝑑𝑑) = 1 − 𝑒𝑒𝑒𝑒𝑒𝑒�−λ(𝑑𝑑)�
2𝜎𝜎
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RESULTS

Data Collection
Captures
Seventeen individual bobcats were captured, tissue samples and pelage photos
were collected on 16, and 12 met weight requirements for collaring (male = 7, female =
5). Of the 12 collared bobcats, 10 collars were successfully collected from the field.
Three of those collars were deployed for the full 56 weeks, while the other seven bobcat
collars were deployed 7- 46 weeks (Table 2).

GPS Collars
A total of 17,918 GPS locations were used for home range analyses of 10 bobcats
(Average =1791.7, SE= 348.9). Fix rate success averaged 77% (SE = 2.4%) of points
being usable for analysis (Table 3).

Cameras
Six cameras were stolen from 4 camera stations. If one camera was stolen from a
station (n=2), the remaining camera and a new camera were re-set close by with
additional camouflage on the same trail until a total of six weeks of data could be
collected from at least one camera at that location. If both cameras were stolen from a
station (n=2), an entirely new trail was selected within the initial 300-m camera
placement buffer. The six-week interval would start over at the new location. No camera
stations were stolen a second time using this technique. Stations with temporary camera
failure (n=3) were still considered active as long as one camera remained functional.
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The camera survey documented 279 bobcat capture events from 1003 bobcat
photographs. Forty-two individuals were identified, including nine collared bobcats and
two previously trapped but non-collared individuals. Of the collared bobcats, two, B009
and B013, were not captured via camera traps although their GPS location data indicated
they were present in the area of the camera trap grid, and one was caught on camera,
B016, even though it was not collared until after camera trapping ceased. Fourteen
capture events were left as unknown, leaving 265 capture events to be used for SECR
analysis.
Other carnivore species documented included coyote (Canis latrans), raccoon
(Procyon lotor), grey fox (Urocyon cinereoargenteus), striped skunk (Mephitis mephitis),
Virginia opossum (Didephis virginiana), domestic cat (Felis catus), and domestic dog
(Canis familiaris). Other species photographed included fox squirrel (Sciurus niger),
lagomorphs (Sylvilagus sp.), passerine and waterfowl species, nine-banded armadillo
(Dasypus novemcinctus), beaver (Castor canadensis), domestic cows (Bos sp.), and feral
pigs (Sus scrofa).

Data Analysis
Home Ranges
The 95% kernel density estimator resulted in an average home range size of 4.60
km2 (n=9, SE=0.99 km2) for all resident bobcats, 3.48 km2 (n=5, SE=1.13 km2) for
resident females, and 6.00 km2 (n=4, SE=1.61 km2) for resident males. One dispersing
male bobcat had a home range of 25.71 km2 and was not included in calculating home
range averages (Fig. 4a).
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The local convex hull estimator resulted in an average home range size of 3.83
km2 (n=9, SE=0.81 km2) for all resident bobcats, 2.29 km2 (n=5, SE=1.03 km2) for
resident females, and 5.05 km2 (n=4, SE=1.13 km2) for resident males. The dispersing
male bobcat had a home range of 25.97 km2 and was not included in calculating home
range averages (Fig. 4b).

Resource Selection Function Models
The systematic sampling resulted in 74,563 availability points from across all
individual home ranges. When deducting for home range overlap, the bobcat use area
covered 46.26 km2. However, RSFs were modelled by individual bobcat, therefore the
actual sum of individual home ranges was 67.13 km2.
Variable collinearity (Appendix, Figs. 7-9) and VIF checks (Tables 4-6) resulted
in condensing of the initial land cover classes from eleven to eight variables for the RSF
models. Remaining habitat variables were: (1) agriculture, (2) creeks, (3) grassland, (4)
high development, (5) low-medium development, (6) open space, (7) roads, and (8)
railroads. Forest and wetland were removed due to extremely high VIF and collinearity
(Tables 4-6; Appendix, Figs. 7-8). Low and medium development were lumped together
in order to maintain an urban gradient of the landscape.
Initial top models included variations of the global model interchanging high
development and low-medium development (Table 7). From these models, step-wise
selection for testing polynomial and interaction effects resulted in a final top model that
included seven variables and three corresponding polynomials to resolve non-linear
trends among creeks, grass, and low-medium development (Table 8). Positive
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coefficients represent a positive slope in the linear relationship between increasing
distance and selection, thus avoidance. Negative coefficients represent selection.
Variables with accompanying polynomials (variable2) represent non-linear relationships
between distance and selection, meaning intermediate distances are either selected or
avoided. In applying these coefficients to their corresponding habitats, bobcat resource
selection probabilities ranged from 0.730 – 0.086 across the study site and surrounding
areas (Fig. 5). The top models for individual RSF analysis are reported in Appendix 2.

Spatially Explicit Capture-Recapture Model
The “count” detector used 265 capture events across 23 trapping occasions for the
SECR analysis. Using the ½ MMDM method, a habitat mask using a buffer of 710 m
with the Trinity River as a hard boundary yielded an effective camera survey area of
63.53 km2 (Fig. 3). The habitat mask included 5,569 points across this area. Once water
points were removed, the final habitat mask contained 5,144 sampled points across 58.70
km2.
The SECR model predicted bobcat densities ranging from 2.06 – 0.46/km2 across
the habitat mask (Fig. 6). The overall density for the camera survey area was 0.55/km2
(SE = 0.17), which calculates to 26.83 (SE = 9.98) bobcats across the entire camera grid
(Table 9).
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DISCUSSION

Bobcats in DFW have much smaller home ranges than those in rural areas, where
home ranges average as large as 57.3 km2 (Donovan et al. 2011). Home ranges were
comparable to but slightly smaller than those of bobcats in other urban areas, where
averages are reported to be 8.83 km2 in Orange County, California (Alonso et al. 2012)
and 6.74 km2 for males and 1.51 km2 for females near San Francisco, California (Riley
2003). In our study, females typically had smaller home ranges than males and younger
male bobcats utilized developed open space and low levels of development more than
females and older males.
The differences in home range size between urban and rural bobcats may be
attributed to a high density of prey items supported by anthropogenic food and habitat
(e.g., garbage, bird feeders, landscaping) within a much smaller amount of available
space and habitat. Previous bobcat studies show that bobcats have larger home ranges
with lower prey densities (Blankenship 2000). Urban bobcats maintain smaller home
ranges due to lack of space and abundance of prey. The differences between DFW bobcat
home ranges and other peri-urban bobcat populations may be reflective of the size of
habitat patches available. For example, many urban areas of southern California occur in
mountainous terrain, where areas that are too steep or unstable to develop remain as
habitat oases for urban wildlife (Alonso et al. 2012). DFW has fewer of these large and
undeveloped spaces, aside from floodplains and wetlands interspersed through the urban
matrix. This further compacts the natural habitat available to and selected for by DFW’s
bobcats, creating greater overlap of and smaller of home ranges.
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Bobcats in DFW predictably selected for areas closer to more natural habitat
cover, such as developed open space, agriculture, railroads, and creeks, and avoided areas
close to higher levels of development, such as low-medium development and roads
(Table 8). However, several variables showed signs of non-linearity indicating that
bobcats may reverse selection or avoidance to certain habitat types at intermediate
distances. Intermediate distances, as represented by polynomial Grass2, showed the
highest level of selection among all variables, despite closer distances to grass being the
highest level of avoidance (Table 8). This is likely due to the use of Euclidean distance to
measure habitat for the RSF. Euclidean distance measures to cover type provide
continuous variables that general linear mixed effects models work well with. However,
the habitat patches that bobcats used in DFW are completely surrounded by various
levels of urbanization, thus any given area in natural habitat cover is always within a
certain distance of development, as opposed to an infinite distance that a linear model
assumes. Due to the complex landscape structure of urban areas, linear distance measures
can be misleading in their assumption of a continuous linear relationship between
selection and distance. For example, greater distances from grassland coincide with
closer distances to developed space, so, even though a linear relationship shows that as
distance to grass increases, selection increases, selection will not continue to increase as
habitats get closer to avoided cover, such as roads. This is why second order polynomials
must be considered in order to capture the true relationship of selection and distance to
habitats. The non-linear trend of grassland (Grass2) shows that grass was less selected for
or avoided at very close and very far distances, but highly selected for at intermediate
distances. This also ecologically makes sense with known bobcat behavior in utilizing
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edge habitats for travel and foraging (Crooks 2002, Hansen 2006). Bobcats may not
commonly use areas in the center of a grassland, but will select areas of habitat
neighboring grassland.
A similar trend was observed for low-medium development. Bobcats showed
avoidance of low-medium development on a linear scale, but showed slight selection for
low-medium development on a non-linear scale (Table 8). Again, this corresponds to
natural habitat cover types that occur at intermediate distances to low-medium
development. This is similar to habitat use from similar bobcat studies near urban areas
(Riley et al. 2003).
Creeks were an important variable in this model; they are abundant on the
landscape both in natural and developed regions within the DFW study site. This is likely
why creeks were selected for on a linear scale but avoided on a non-linear scale (Table
8). When bobcats use creeks in urban areas, they act as narrow corridors amidst lowmedium and high development areas. Even intermediate distances from most of the
creeks on the landscape fall within highly developed areas that are otherwise avoided.
While these results suggest bobcat habitat use is similar to that found in other
urban areas, the small sample size of bobcats and limited number of juvenile animals that
were fitted with GPS collars make it difficult to detect spatial and resource selection
differences between age and sex classes. When considering the DFW population estimate
of 27 ± 10 bobcats, this study only sampled at most 59% of the resident population for
GPS data collection, and only half of those bobcats collected >8 months of data to cover
multiple seasons. Additional sampling for longer time periods could address questions
such as seasonal, sex, and age differences in home ranges and resource selection, as well

20
as broader population dynamics such as age structure, reproductive rates, and mortality.
Further, carnivores may use different habitat types depending on behavioral state, such as
when they are foraging versus resting (Abrahms et al. 2015). In such a mosaic of urban
landscape cover, it would be informative to perform analyses, such as for resource
selection, based on “active” or “inactive” periods. Thus, future habitat analyses should
consider bobcat activity patterns. GPS collar fix rate success may also be biased
depending on habitat, anthropogenic signal interference, weather, bobcat activity
patterns, and general quality of the collar (Table 3).
The bobcat population density in DFW is higher than those reported in other
bobcat studies. Heilbrun et al. (2006) reported 0.48 bobcats/km2 in a rural wildlife area of
Texas. In this study, there was a range of densities across the camera survey grid from
2.06 – 0.46 bobcats/km2 (Fig. 6) with much of the study area having densities higher than
Heilbrun et al. (2006). The overall density estimate for DFW was 0.55/km2 (SE = 0.17),
which was at the highest range reported from peri-urban areas (Alonso et al. 2012). GPS
data also show a trend of high home range overlap, indicating high densities in urban
areas, as shown in similar urban bobcat studies (Alonso et al. 2012, Riley 2003). This
trend of high densities in urban areas likely relates to the limited amount of space and
dispersal opportunities for a resident bobcat population that is also supplemented by a
higher density of urban prey items. Indeed, GPS collared bobcats in this study were
observed hunting squirrels and waterfowl from uniquely urban features such as golf
courses and landscaped apartment complexes.
Even so, estimates may be artificially inflated as potential bias in SECR estimates
could exist due to several field and analysis methods: (1) cameras were specifically
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placed on trails and in areas that would improve likelihood of detecting bobcats in the
area, thus potentially overestimating density and detection probabilities due to nonrandom placement within the 300-m buffer; (2) only one camera survey session was
conducted, thus limiting the assumption that bobcat detections were representative of the
year-round population; and (3) some GPS collared bobcats known to travel near cameras
were not detected (n = 2), indicating that we did not achieve 100% detection with our
camera grid, thus likely underestimating actual bobcat population densities. To improve
SECR estimates, future camera surveys should incorporate randomized camera
placement, more than one camera trapping session conducted between different seasons
and years, and cameras should be set at a higher frequency on the landscape to improve
chance of complete detection of the population.
SECR models could also be improved by incorporating non-euclidean distance
measures (Royle et al. 2013). Bobcats rarely move in straight lines, especially in an urban
landscape where there are many avoided areas and barriers affecting their movements.
The analysis used the default Euclidean distance measure to estimate home range centers
and maximum distances moved for individual bobcats. Correcting this assumption of
straight-line movements with “ecological distances” could improve the accuracy of the
overall size of the effective camera survey area (Fig. 3) and also improve density
estimates based on more accurate bobcat home ranges produced within the SECR
package.
Understanding the habitat usage and potential behaviors of urban bobcats will aid
wildlife managers and conservationists in continuing efforts to improve human-carnivore
coexistence in urban areas globally. Urbanization and loss of habitat is a leading threat to
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many large mammalian species, especially carnivores that often directly compete with
humans for resources (Crooks et al. 2011). Findings from this DFW bobcat study
revealed optimistic possibilities in the potential for carnivores to thrive in an urban
landscape with minimal conflict. Citizens recreating or living near areas associated with
high probability of bobcat occurrence can be informed accordingly to enhance current
preventative methods in minimizing bobcat conflict with pets or domestic animals.
Observing such a high density of bobcats in an urban setting is informative for
urban areas anticipating other predator species that may adapt and thrive amidst high
densities of people. These results have promising implications for species preservation in
areas where urbanization is advancing and threatening wildlife. This and other urban
carnivore studies focus on areas that host a unique urban-wildlife interface where
appropriate management of can improve the landscape in which both people and wildlife
share.
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TABLES AND FIGURES

Table 1. Duration of camera station activity from 8 June – 15 November, 2014.
ID
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41

Jun

Jul

Aug

Sep

Oct

Nov
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Table 2. Duration each bobcat was fitted with a GPS collar within the DFW study site
between January 2014 and April 2015.
Sex
ID
Age
B002 Adult
F
M
B004 Adult
B006 Juvenile F
B007 Adult
F
M
B008 Adult
M
B009 Adult
B011 Adult
F
M
B013 Adult
B014 Juvenile M
B016 Adult
F

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

Jan

Feb

Mar

Apr

32
Table 3. Fix rate success of GPS collars fitted to bobcats in the DFW study site. DOP< 8
was used to define acceptable, accurate locations. Usable fixes are from all fixes obtained
for each GPS collar.
ID
B002
B004
B006
B007
B008
B009
B011
B013
B014
B016

Raw data

Fixes

2335
3908
651
3783
1760
3734
499
1713
3879
1060

1512
3390
604
3120
1619
3168
405
1490
2908
901

Success
rate (%)
64.8
86.7
92.8
82.5
92.0
84.8
81.2
87.0
75.0
85.0

DOP<8
1441
3182
587
3027
1351
3067
349
1339
2799
825

Accurate
fixes (%)
95.3
93.9
97.2
97.0
83.4
96.8
86.2
89.9
96.3
91.6

Usable
fixes (%)
61.7
81.4
90.2
80.0
76.8
82.1
69.9
78.2
72.2
77.8
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Table 4. Variance inflation of initial habitat covariate classifications (minus forest) for
RSF analysis as calculated by package ‘usdm’ in program R. Variables with VIF > 4 and
collinearity coefficients > 0.7 were removed.
Variable
Ag
Creeks
Forest
Grass
High Dev
Low Dev
Med Dev
Open Space
Roads
Railroads
Wetlands

VIF
2.29
1.31
15.32
5.25
2.62
4.18
2.81
2.36
2.54
2.10
13.27

Coef > 0.7
X
X

X
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Table 5. Variance inflation of second habitat covariate classifications (minus forest) for
RSF analysis as calculated by package ‘usdm’ in program R. Variables with VIF > 4 and
collinearity coefficients > 0.7 were removed.
Variable
Ag
Creeks
Grass
High Dev
Low Dev
Med Dev
Open Space
Roads
Railroads
Wetlands

VIF
2.253
1.247
3.686
2.631
4.367
2.834
2.357
2.592
2.046
6.077

Coef > 0.7

X

X
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Table 6. Variance inflation of final habitat covariate classifications (minus forest and
wetland, with low and medium development combined as LowMed Dev) for RSF
analysis as calculated by package ‘usdm’ in program R. Variables with VIF > 4 and
collinearity coefficients > 0.7 were removed.
Variable
Ag
Creeks
Grass
High Dev
LowMed Dev
Open Space
Roads
Railroads

VIF
1.785
1.228
2.112
2.255
2.279
2.108
2.269
1.879

Coef > 0.7

Table 7. Top models of <3 delta AICc from initial RSF analysis. These models provide guidance for stepwise selection considering
non-linearities and interactions.
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Table 8. Final top models for DFW bobcat RSF with polynomials addressing non-linearities.
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Table 9. Parameter estimations for the effective survey area from the top SECR model. D
represents density in km2, lamda0 represent average expected number of detections, and
sigma represents average home range movements in m.
Parameter
D
Lambda0
Sigma

Link
log
log
log

Estimate
0.55
0.24
1162.50

SE
0.17
0.05
108.30

Lower CL
0.30
0.16
968.90

Upper CL
1.00
0.35
1394.80
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Figure 1. The Dallas-Fort Worth Metroplex, Texas. The study site included the cities of
Arlington, Bedford, Euless, Fort Worth, and Hurst. Bobcats were studied from January
2014 to April 2015.
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Figure 2. The DFW urban bobcat study site and capture locations during GPS collaring
efforts from January 2014 to March 2015. The Trinity River and three major roadways
define the research area. Trapping was focused in or along edges of natural habitat amidst
the urban landscape.
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Figure 3. DFW bobcat camera survey from June – November 2014. The survey
boundary represents the ½ MMDM buffer as calculated in SECR, with the Trinity River
as a hard boundary to the south.
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Figure 4. (a) 95% kernel density home range estimation and (b) 99% local convex hulls
for 10 collared bobcats in DFW metroplex.
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Figure 5. Population-based bobcat habitat selection probability throughout the DFW
study site. Likelihood of bobcat habitat selection ranges from the highest at 0.73 (red) to
the lowest at 0.086 (blue). Intermediate selection likelihoods are represented by yellow.
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Figure 6. SECR surface density map defining bobcat density per habitat mask point in
the DFW metroplex study site. Density ranges from 2.06 -0.46 bobcats/km2.
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APPENDIX 1

Figure 7. Pair-wise comparison chart of 11 initial habitat covariates considered for DFW
bobcat RSF. Collinearity values are shown in the on the lower half of the chart, plotted
points of covariate relationships are shown in the upper half.
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Figure 8. Pair-wise comparison chart second habitat covariate classification, excluding
forest, considered for DFW bobcat RSF. Collinearity values are shown in the on the
lower half of the chart, plotted points of covariate relationships are shown in the upper
half.
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Figure 9. Pair-wise comparison chart for final habitat covariates considered for DFW
bobcat RSF, excluding forest and with low and medium development condensed.
Collinearity values are shown in the on the lower half of the chart, plotted points of
covariate relationships are shown in the upper half.
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APPENDIX 2

METHODS

An individual-based RSF analysis was conducted in addition to the populationbased RSF to help determine individual variance. The same modelling methods were
employed as described for the population RSF for each of the 10 bobcat datasets to
develop individual relative probability of selection heat maps. However, since a random
effect of individual was used for the population-based models, random effects were not
used in the general linear mixed effects models for the individual-based RSF. Individual
heat map rasters were averaged using Raster Calculator in ArcGIS (ESRI 2011) to create
a population heat map that represents bobcat resource selection across the study area.

RESULTS

Individual-based RSFs vary between DFW bobcats. Top models demonstrate the
differences in combinations and coefficient values of variables for each individual (Table
10). Individual heat maps also reveal variance in DFW bobcat habitat selection (Figure
4a-j).

Bobcat ID Intercept Ag Creeks Creeks 2 Forest
B002
-12.47 -0.650 -1.048
−
-10.20
B004
-7.077 -0.553 -0.503
−
-1.947
B006
-12.22 -2.714 -2.049
−
-3.752
B007
-5.619 0.268 0.219
−
-4.745
B008
-1.526
−
−
−
−
B009
-0.102 0.131 0.017
−
−
B011
-5.270
−
0.505
−
-2.993
B013
0.070 -0.021 0.024
−
−
B014
-4.030 -0.151 -0.061 0.829
−
B016
-6.428 0.725 0.468
−
-4.769
Wetland
-0.908
-2.584
-0.231
-0.692
−
0.162
−
−
−
-2.274

Table 10. Top model coefficients for individual bobcat RSFs.
Grass HighDev HighDev 2 MedDev LowMed LowMed2 LowDev OpenSpace OpenSpace 2
1.578
0.313
-0.049
−
0.020
-0.077
−
0.285
-0.084
0.218 -0.077
0.028
−
-0.030
−
0.065
0.055
-0.057
-4.915 -0.844
0.164
−
-0.351
−
−
−
−
0.774
0.172
−
−
−
−
−
-0.294
0.038
-1.092 -0.298
−
−
0.244
−
−
-0.287
−
-0.072 0.036
−
-0.247
−
−
−
-0.153
0.651
−
−
−
−
−
−
−
−
−
0.055 -0.016
0.006
−
−
−
−
-0.002
0.002
0.655 -0.094
0.529
0.405
−
−
-0.504
-1.563
1.960
−
−
−
−
-0.102
−
−
-0.137
−

Railroad Road
−
−
-0.065 -0.072
−
0.037
-0.368 0.276
0.855
−
−
0.207
-0.786 0.281
-0.020
−
−
0.121
−
−

Road2
−
0.060
−
−
−
-0.317
-0.086
−
-1.948
−
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Figure 10. Individual bobcat heat maps from DFW. Red indicates higher relative
probability of selection, blue indicates low relative probability of selection.

56

Figure 11. Population heat map generated by averaging individual bobcat RSFs.

